INTRODUCTION
V and Ni are the most abundant metals that are naturally present in petroleum. 1 The high stabilities of these metals in crude oils, asphalts, and bitumens suggest that they mainly occur as tetrapyrrole complex-type metalloporphyrins. The predominance of Ni and V compounds compared to other organic metallocompounds is a consequence of the greater stability of nitrogen-vanadium or nickel bonds and their favorable electron configurations, among other factors. 2, 3 A study performed using XAFS spectroscopy showed that the coordination shells of all compounds of V and Ni present in petroleum are very similar to those of vanadyl and nickel porphyrins. 4, 5 In terms of their distribution in the products of petroleum, these compounds are almost all concentrated in atmospheric or vacuum residue based on their boiling points, 6 and they are present in asphaltenes and resins [7] [8] [9] when petroleum or residue is separated in their SARA fractions. Recently, three distinct families coexisting in the crude fraction of petroleum have been identified based on their molecular weight. These have been identified as compounds with high, medium and low molecular weights (HMW, MMW and LMW). 6, 9, 10 This approach is relatively recent 6, 9, 10 and is due to the improvements made in their possible detection with ICP MS. Regarding these compound families, we believe that compounds with LMW correspond to simple metalloporphyrins (MPs), whereas compounds with MMW and HMW correspond to MPs trapped or linked in nanoaggregates 9, 11 due to the high capacities of some crude oil compounds to trap different compounds. 12, 13 This idea is not new; since 1970, it has been accepted that some
MPs behave as a single unit of the aromatic sheet in the generalized macrostructure of asphaltenes, as was proposed by Dickie and Yen. 14, 15 Other authors have proposed that these V or Ni compounds may be assimilated as subunits in these aggregates, [16] [17] [18] so it has long been believed that in petroleum, there are two types of metallocompounds, one porphyrinic and a second that is bound, 14, 19 giving rise to Ni and V compounds with high molecular weights 20 Over time, this classification was widely supported by the difference between the early direct determinations of metalloporphyrins by UV-Vis and the total contents of Ni and V obtained by atomic spectrometric techniques. 19, 21 The part that do not absorb in the UV-Vis (based on total determination using UV-Vis detection) was then defined as non-porphyrinic compounds. 19 However, no compound different than metalloporphyrins has yet been reported, even through the use of high-resolution techniques in the direct analysis of crude oil or asphaltenes. [21] [22] [23] On the other hand, it has been reported that the low contents of metalloporphyrins detected by UV-Vis are due to the limitations of the technique (UV-Vis), the association between the asphaltene molecules and MPs, and the poor efficiency of the extraction methods employed. 24 With respect to these observations, diverse methods have been developed using either Soxhlet extractions or chromatography [25] [26] [27] [28] [29] separations with a packed column. However, a regular to poor separation is obtained with these method to separation of compounds according to their molecular weight 30 possibly because asphaltenes are strongly adsorbed by the adsorbents used with these methods.
For all these reasons, we have decided to develop a new strategy of separation. Specifically, we have decided to develop a method by liquid-liquid extraction to maltenes and a method by liquid-solid extraction to asphaltenes. These methods are proposed to avoid the use of adsorbents, and therefore, the possible adsorption of compounds with V, Ni and S. In this context, the separation of maltenes is presented in this work (the separation in asphaltenes will be present in a second part) and it is divided. in two parts that are both developed here. In the first part, we present the results of the extraction performed with different solvents, and in the second part, we present the optimization of the method. MS instrument operated at a resolution of 4000 was used. The ICP HRMS was equipped with an interface based on a microflow total consumption nebulizer without a drain maintained at 60C
to minimize the signal suppression and increase the sensitivity by a factor of 3-4. 31 An oxygen flow of 0.08 mL/min was continuously added to the nebulizer gas flow (Ar) to avoid the deposition of carbon on the cones.
Samples, reagents, and materials. In this work, a Venezuelan crude oil was used (8 ºAPI).
This was provided by PDVSA Intevep. N-heptane, methanol (MeOH), acetonitrile (ACN) and dimethylformamide (DMF) grade HPLC (Sigma Aldrich) were used for the liquid-liquid extractions, and tetrahydrofuran (THF) grade HPLC (Sigma Aldrich) was used for the dilution of the samples and GPC experiments. The GPC separations were carried out using a guard column (4.6x30 mm) and three styrene-divinylbenzene gel permeation columns (Styragel) connected in series (7.8x300 mm) in the following order: HR4, HR2, and HR0.5. The characteristics of these columns were already described elsewhere.
6,9
Obtaining maltenes. Initially, 20 g of crude oil was placed in an oven at 80 °C for 24 hours to eliminate the presence of volatile compounds that could interfere in the mass balance calculations. Later, the crude oil was mixed with n-heptane at a ratio of 60:1 heptane:crude. To assure the complete precipitation of asphaltenes, this mixture was placed in ultrasound for 10 minutes, followed by 1 hour in agitation (with a magnetic stirrer) at 60 °C. To obtain the maltenes, the mixture was filtered twice with No. 42 filter paper (with a pore size of 2.5 μm, Whatman), and the solvent (of the filtered mixture plus the washes of the asphaltenes) was rotaevaporated.
Part 1. Solvent evaluations. Five grams of maltenes were weighed and mixed with 25 mL of heptane in a beaker until they were completely dissolved. Later, this mixture was transferred to a decanting funnel with a capacity of 150 mL, and another 25 mL of heptane was added to maintain a ratio of 5:1 heptane:maltene. In the funnel, the volume occupied by the total mixture was marked to replace the volume of heptane lost by evaporation or partial dissolution during each extraction by MeOH, ACN and DMF. The extractions were made separately with each solvent, resulting in a total of 6 extractions of 50 mL each. Between each extraction, the complete separation of both phases was achieved. For each solvent, all extracts were combined.
The mass extraction percentage was calculated by evaporating the solvent.
Part II. Sequential liquid-liquid extraction. To achieve sequential extraction, this experiment was performed in triplicate. As in the previous step, 5 g of maltenes were dissolved and transferred to the decanting funnel. A total of 8 extractions with 50 mL of ACN were performed initially; then, extractions were performed with the DMF in the remnant maltene. For the first two replicates, each extract was collected separately; in the third replicate, the extracts obtained with each solvent were combined. Table 1 ), a sequential extraction with ACN and DMF was applied to the maltene solutions. So, ACN was applied to extract all of the LMW compounds followed by extractions with DMF to extract MMW compounds. Figure 3a shows the results obtained for each sequential extraction using ACN. The color of the extract moves from red to yellow with a decrease in the intensity of the peak obtained in the LMW part 
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